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SHOREBIRD USE OF SOUTH CAROLINA MANAGED AND NATURAL 
COASTAL WETLANDS 

LOUISE M. WEBER,' South Carolina Cooperative Fish and Wildlife Research Unit, and Department of Biological Sciences, 
Clemson University, Clemson, SC 29634, USA 

SUSAN M. HAIG,2 South Carolina Cooperative Fish and Wildlife Research Unit, and Department of Biological Sciences, Clemson 
University, Clemson, SC 29634, USA 

Abstract: While many migrating and wintering shorebird (Charadriiformes) species face declines in quality 
and quantity of natural stopover sites, diked wetlands managed for shorebirds may provide supplemental 
habitat. We describe an integrative shorebird-waterfowl management strategy used at Tom Yawkey Wildlife 
Center on South Island, South Carolina, during 3 winter-spring seasons (1991-93). We compared shorebird 
use and invertebrate density between diked, managed wetlands and adjacent natural coastal mudflat areas. 
About 3,000 shorebirds overwintered each year at the site. Migration numbers peaked at 15,000-19,000 
during late May. In 1991, shorebird density and absolute numbers were higher (P < 0.05) in managed 
wetlands at high tide than natural mudflats at low tide. In 1993, we counted shorebird density at low tide 
both in managed wetlands and Mother Norton Shoals, the largest natural area. During February, shorebird 
frequency was higher in Mother Norton Shoals and lower in managed wetlands than expected values based 
on area (P < 0.005). In contrast, from March to May, shorebird frequency was higher in managed wetlands 
and lower in natural mudflats than expected (P < 0.005 for each month). Invertebrate density from March 
to May was generally greater in managed wetlands than at Mother Norton Shoals, which may explain shorebird 
preference during that time. Greater invertebrate density did not explain the pattern in February. Mean 
water depth in managed wetlands for each shorebird species was <5 cm except for American avocet 
(Recurvirostra americana) which used deeper water (X = 8.4 cm, SD = 4.5). Results indicate that an integrative 
shorebird-waterfowl management strategy provides supplemental shorebird habitat at high tide, and managed 
wetlands can be preferred to local natural mudflat areas at low tide. 

J. WILDL. MANAGE. 60(1):73-82 

Key words: Charadriiformes, impoundments, intertidal areas, invertebrate density, invertebrate biomass, 
shorebirds, South Carolina, waterfowl. 

Many migrating and wintering shorebird 
(Charadriiformes) species face declines in 
quantity and quality of natural stopover sites 
(Senner and Howe 1984). Significant population 
declines recently have been recorded for 9 

shorebird species (Howe et al. 1989, Haig and 
Plissner 1993, Morrison et al. 1994, Page and 
Gill 1994). Shorebirds are particularly at risk 
from habitat decline at migration and wintering 
sites because of their tendency to concentrate 
at a few sites at precise times (Myers et al. 1987). 
As a supplement to natural areas, managed, tid- 

ally influenced, diked wetlands (sometimes called 

impoundments) may provide available habitat 
if appropriate water levels coincide with shore- 
bird passage. These managed wetlands also pro- 
vide protection from oil spills and other ocean 
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catastrophes. About 11% of the half-million ha 
of marshes along the Atlantic coast of south- 
eastern United States are diked and managed 
(Montague et al. 1987), representing a substan- 
tial refuge for shorebirds if managed effectively. 
About 60% (28,500 ha) of these diked wetlands 
lie in South Carolina (Montague et al. 1987). 

Value of diked compared to undisturbed wet- 
lands, however, is the center of debate (DeVoe 
and Baughman 1986, Tompkins 1987). Oppo- 
nents contend that compared to natural estua- 
rine waters, diked wetlands may have water 

quality problems that limit their use. These can 
include diminished circulation, increased sedi- 
mentation, and extreme values of temperature, 
salinity, and dissolved oxygen (McGovern and 
Wenner 1990). In addition, fish and crustaceans 
that normally use marshes as a nursery are de- 
nied access to, or escape from, diked wetlands 
(McGovern and Wenner 1990, Rogers et al. 
1994). Proponents argue that managed diked 
wetlands (hereafter called managed wetlands) 
offer refuge to species that are not always well 
represented in natural marsh (Miglarese and 
Sandifer 1982, Gilmore 1987). Alligator (Alli- 
gator mississippiensis) and bird occurrences are 

particularly high in managed wetlands (Mig- 
larese and Sandifer 1982, Epstein and Joyner 
1986, Breininger and Smith 1990). More indi- 
viduals of more avian species used managed 
wetlands than unmanaged marsh in South Car- 
olina (Epstein and Joyner 1986). Dabbling duck 
occurrence in South Carolina was also higher in 

managed wetlands and lower in unmanaged tid- 
al wetlands than expected values based on area 
(Gordon et al., unpubl. data). 

Shorebirds also may prefer managed wet- 
lands over natural vegetated marsh areas and 
tidal mudflats. Compared to vegetated marsh 
areas, managed wetlands generally had higher 
shorebird numbers in New Jersey and South 
Carolina (Burger et al. 1982, Epstein and Joyner 
1986). Compared to tidal mudflat areas, man- 
aged wetlands in New Jersey had higher abso- 
lute shorebird numbers during spring and au- 
tumn migration (Erwin et al. 1994). Shorebird 
density was higher in managed wetlands than 
natural mudflat tidal areas during autumn, but 
not spring migration. Because results were lim- 
ited to a few areas, more comparisons of this 
type are needed to evaluate the importance of 
diked wetlands from a shorebird perspective. 

Despite the potential for shorebirds, most 
strategies in South Carolina managed wetlands 

are targeted at wintering waterfowl (Tompkins 
1986, 1987; Montague et al. 1987). Presence of 
waterfowl, however, is not exclusive. Shorebird 

use-days can surpass waterfowl annual use un- 
der traditional waterfowl management (Epstein 
and Joyner 1986). On the basis of previous work, 
however, conditions for shorebirds could be en- 
hanced while maintaining high wintering wa- 
terfowl populations, by extending the draw- 
down period currently used to encourage growth 
of macrophytes consumed by waterfowl (Hands 
et al. 1991, Eldridge 1992, Helmers 1992). 

Our first goal was to describe patterns of 
shorebird use in diked wetlands under an in- 
tegrative shorebird-waterfowl management 
strategy used at our coastal South Carolina site 
from 1991 to 1993. We also evaluated water 
depth at which each shorebird species occurred 
and provided phenology data. Our second goal 
was to compare shorebird numbers and density 
between managed wetlands and natural inter- 
tidal mudflat areas during 1991-93. With in- 
vertebrate prey density information, we spec- 
ulate on shorebird preference between managed 
and natural wetlands. 

Funding was provided by the U.S. Fish and 
Wildlife Service through the Patuxent Wildlife 
Science Center. We thank M. A. Howe for in- 
viting these analyses and R. M. Erwin for con- 
tinued support of the project. We thank T. A. 
McCoy, M. Reilly Jacobs, and J. E. Finley for 
laboratory technical assistance. We acknowl- 
edge R. L. Joyner, the Yawkey Foundation Board 
of Trustees, and the staff of the Yawkey Center 
for making field work possible. We are obliged 
to C. P. Marsh for giving advice in the field and 
in project development, R. Boettcher and J. E. 
Lyons for helpful discussions and collaboration 
on South Island, and R. Chappell of the Army 
Corps of Engineers in Charleston, South Caro- 
lina for use of a digitizer. We received logistical 
help from the Tom Yawkey Wildlife Center, 
South Carolina Cooperative Fish and Wildlife 
Research Unit, and South Carolina Department 
of Natural Resources. We thank S. A. Gauth- 
reaux, D. L. Otis, E. E. Ruppert, D. W. Tonkyn, 
and 2 anonymous reviewers for reviewing drafts 
of the manuscript. 

STUDY AREA 
We conducted field work on South Island 

(79"15'W, 33"10'N) at the Tom Yawkey Wildlife 
Center in the Santee Delta-Cape Romain area 
of Georgetown County, South Carolina. The 
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Santee Delta-Cape Romain area is a unit of the 
Carolinian-South Atlantic Biosphere Reserve 
(Hopkins-Murphy 1989). Counts indicated that 
the area ranked second as a spring feeding site 
for eastern North American shorebirds on mi- 
gration (Marsh and Wilkinson 1991). The Yaw- 
key Center alone qualified as a regional reserve 
(5% of flyway population) for 4 species in the 
Western Hemispheric Shorebird Reserve Net- 
work (Marsh and Wilkinson 1991). The Center 
is separated from the mainland by the Intra- 
coastal Waterway and includes North Island, 
South Island, and portions of Cat Island. The 
Center is managed by the South Carolina De- 
partment of Natural Resources as a wildlife ref- 
uge and research area, and encompassed 940 ha 
of managed wetlands surrounded by 6,200 ha 
of tidal marsh, forest openings, ocean beach, 
pineland, and maritime forest. We worked sole- 
ly on South Island, which had the most shorebird 
habitat. 

There are 3 main, natural mudflat areas on 
South Island. Mother Norton Shoals (111 ha) was 
an intertidal mudflat at the mouth of Winyah 
Bay, bordered on the east by a barrier island 
and to the south and west by Spartina marsh. 
Only the north side was contiguous with open 
water. Front Beach North (8.8 ha) consisted of 
a mudflat in a tidal creek. Front Beach South 
(1.8 ha) was a mudflat-shallow water area with 
water exchange only during spring tides. 

There were 12 brackish, managed wetlands 
on South Island ranging from 9 to 98 ha. Man- 
aged wetlands consisted of central flat or slightly 
sloped, muddy-bottomed, primarily open-water 
areas surrounded by perimeter ditches. 

Throughout the study, salinity varied from 9 to 
25 ppt and water levels were regulated by wood- 
en water control structures with sliding flapgates 
and flashboard risers (Williams 1987). Depths 
were kept highest (35-45 cm) in fall to accom- 
modate waterfowl food plants. Gradual draw- 
down of water depths throughout the winter 
allowed waterfowl to feed. Sheet water and tem- 
porary dry bed in spring encouraged germi- 
nation of waterfowl foods such as widgeongrass 
(Ruppia maritima), dwarf spike-rush (Eleo- 
charis parvula), and saltmarsh bulrush (Scirpus 
robustus). Sea purslane (Sesuvium maritimum) 
was produced with more prolonged dry bed 
(Swiderek et al. 1988). The drawdown oxidized 
and firmed sediments increasing water clarity 
and providing mudflat and shallow water hab- 
itat for shorebirds. Drawdown in areas managed 

for sea purslane took place gradually throughout 
the winter until 1 March (Swiderek et al. 1988). 
Water levels were then reduced more rapidly 
so that they were at bed level by 1 April and 
maintained below bed level in perimeter ditches 
after that. They remained at this level through- 
out the summer as sea purslane grew. Beginning 
in August, these areas were gradually flooded 
to reach a depth of 20-25 cm by 1 September. 
Those areas managed for widgeon grass, dwarf 

spikerush, and saltmarsh bulrush were drawn 
down beginning in early March to sheet water 
in April and maintained as mudflat until late 
May. They were held at bed level for 3-4 days 
in early June then were gradually flooded to 35- 
45 cm allowing for plant growth. During late 
fall and winter, water depths were gradually 
decreased about 10 cm per month providing 
food for wintering waterfowl, shorebirds, and 
herons. Water control structures were set to al- 
low continuous exchange and circulation with 
tidal creeks or other managed wetlands until 
late stages of drawdown. 

METHODS 
Shorebird and Waterfowl Counts in 
Managed Wetlands and Natural Areas 

Each week from late January to May 1991- 
93 we counted shorebirds and waterfowl at all 
12 South Island managed wetlands. We con- 
ducted counts within 2 hours of high tide be- 
cause shorebirds were concentrated in managed 
wetlands at that time (L. Weber, pers. observ.). 
In gathering phenology data, this seemed the 
accurate way to access total shorebird numbers 
for the island because there were virtually no 
shorebirds in the natural sites at high tide. In 
1991, we also made weekly counts of shorebirds 
in Mother Norton Shoals, Front Beach North, 
and Front Beach South within 2 hours of low 
tide, which corresponded with peak shorebird 

density in intertidal areas. We compared high 
tide, managed wetland counts to low tide, nat- 
ural site counts to assess which area received the 
most use during their peak periods. In 1993, we 
made weekly counts in managed wetlands and 
Mother Norton Shoals both at low tide to com- 

pare shorebird frequency. Mother Norton Shoals 
was the only natural site counted because there 
was not enough time to count all 3 natural sites 
and all managed wetlands in the same low tide 
period. We singled out Mother Norton Shoals 
because it was the largest natural site. 
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Because raised dikes surrounded managed 
wetlands, we were able to view nearly every 
portion of them from a truck. We viewed Mother 
Norton Shoals from a tower and Front Beach 
South from behind a nearby sand dune. We 
counted Front Beach North by traversing the 
tidal creek edge. At each count we estimated 
the percent of each managed or natural wetland 
that was available to shorebirds (mudflat and 
shallow water). We later calculated total surface 
area of each site by digitizing aerial photo- 
graphs. We used those data to calculate avail- 
able habitat at each site on each date. We cal- 
culated shorebird density by dividing total num- 
ber of shorebirds at each site by amount of avail- 
able habitat. 

To compare shorebird use in 1991, we aver- 

aged shorebird density and absolute numbers at 
each managed or natural wetland by month 

(Feb-May). We used these values in a repeated 
measures ANOVA with 2 treatments, managed 
wetland and natural mudflat. We log trans- 
formed data to meet ANOVA assumptions of 
normality and equal variance. In 1993, we could 
not use an ANOVA because there was only 1 

replicate (Mother Norton Shoals) in the natural 
mudflat category. Therefore, we confined sta- 
tistical analysis to a monthly (Feb-May) G-test 
of shorebird frequency in 2 categories (managed 
wetland, natural mudflat). For both categories, 
we summed shorebird occurrences by month to 
provide observed frequencies. We based ex- 
pected frequencies on percent available habitat 
in each category. We could not pool G-tests over 
months because percent available habitat 
changed in each category by month. 

1991 Water Depth and Invertebrate 
Measurements in Plots 

We used 10- x 10-m plots from February to 
May 1991 to record water depth at which each 
shorebird species occurred and to compare 
shorebird feeding in managed and natural wet- 
lands. We measured invertebrate density in each 
plot to compare values in managed and natural 
wetlands. Invertebrates present were mainly 
polychaetes, oligochaetes, and insect larvae 
(Weber 1994). Sites included the 3 natural sites 
already described and 5 managed wetlands 
(Gibson, Lower Reserve, Sand Creek Basin, Twin 
Sisters, and Wheeler Basin) frequently used by 
shorebirds. Generally, we placed 2 groups of 5 
plots in each site. We placed only 1 group per 
site in Front Beach North and Front Beach South 

because these sites were <20% of the average 
size of other sites. We randomly placed 5 plots 
in an area chosen as typical habitat for that 

managed or natural wetland, yet viewable from 
a vehicle. We marked plots with 4 wooden stakes 
120 cm long (5 cm x 5 cm). We determined 
water depth by a stake in each plot marked with 
nails at heights of 5, 10, 15, and 30 cm. 

To estimate mean water depth for each shore- 
bird species, we took scan samples (Altmann 
1974) in plots twice a week. For each plot at 
each scan we recorded number of each shore- 
bird species, whether each shorebird was feed- 
ing or not, and water depth. Because shorebird 
density in these small plots was very low (gen- 
erally <1.0 shorebirds/100 m2) and highly vari- 
able, we do not present shorebird density data. 
To estimate invertebrate density, we took 1 sed- 
iment core (10 cm deep) randomly from each 
plot once in mid-month (17-22 Feb, 15-23 Mar, 
14-23 Apr, 14-18 May) using a beveled edge 
PVC pipe (10-cm diam). We washed each core 
sample through a 0.5 mm mesh sieve then pre- 
served the material on the sieve in buffered 10% 
formalin stained with Rose Bengal. Using a 
stereomicroscope at 30 x, we sorted and counted 
invertebrates. 

For invertebrate density, we compared means 
of each site using ANOVA for each month (Feb 
to May). If the overall test indicated there were 
significant differences, we used a Tukey test to 
identify differences between pairs of means. If 

necessary, we log or square root transformed 
data to meet ANOVA assumptions. Although 
there were 4 months of data, we could not per- 
form a repeated measures ANOVA because there 
were some missing data points; some plots were 
too deep for shorebirds (>10 cm) in February 
and March, February samples from Front Beach 
sites were not taken, and Lower Reserve plots 
dried out after March. Because we used 4 tests, 
the level of significance was set at P = 0.05/4 
= 0.013 for the overall monthly tests. 

1993 Invertebrate Measurements 
We made additional invertebrate compari- 

sons in 1993 to explain shorebird preference 
patterns during February. We compared inver- 
tebrate density and biomass in Lower Reserve, 
the only managed wetland extensively drawn 
down in February, and Mother Norton Shoals, 
the largest natural mudflat. We set up 2 transects 
(60 m) at each site. We intentionally placed 
Lower Reserve transects in areas with highest 



J. Wildl. Manage. 60(1):1996 SHOREBIRDS IN SOUTH CAROLINA * Weber and Haig 77 

shorebird use. We placed Mother Norton Shoals 
transects in the center (north-south orientation), 
but within 200 m of the west shore, in an area 
that seemed typical for Mother Norton Shoals. 
There were 3 sampling stations at equally spaced 
intervals across the center of each plot. On 2-3 
February 1993, we took 2 pairs of core samples 
within 1 m of each station. A pair consisted of 
2 core samples (5-cm diam x 10-cm deep) 0.5 
m apart, which were combined before sorting. 
On 28 February-2 March 1993, we took 1 pair 
of samples within 1 m of each station. We sieved, 
preserved, and counted samples as in 1991. We 
measured invertebrate biomass (all species com- 
bined) per pair after drying at 105 C for 24 
hours. We tested for differences between Mother 
Norton Shoals and Lower Reserve using a t-test 
for each date. We log transformed data when 
necessary to meet ANOVA assumptions of equal 
variance and normality. 

RESULTS 
Shorebird and Waterfowl Counts 

About 3,000 shorebirds overwintered each 
year on South Island, and spring shorebird mi- 
gration peaked at 15,000-19,000 in May (Fig. 
1). Semipalmated sandpiper (Calidris pusilla) 
was the most numerous shorebird species (Fig. 
2). Information on regular but less common spe- 
cies is included in Weber (1994). 

In 1991, shorebird density in managed wet- 
lands at high tide was greater (P < 0.001) than 
in natural mudflats at low tide (Fig. 3). There 
was no effect due to month (P = 0.33) or month 
versus treatment (P = 0.08). Absolute numbers 
of shorebirds also were greater (P = 0.03) in 
managed wetlands at high tide than natural ar- 

20,000 

---------- 1991 
So. 

" 
1992 

O 1993 

o 10,000- 

o) 

z 

Jan Feb Mar Apr May 
Fig. 1. Shorebird counts in South Island, South Carolina man- 
aged wetlands at high tide from January to June, 1991 to 1993. 

eas at low tide with no effect due to month (P 
= 0.07) or month versus treatment (P = 0.08). 
For absolute numbers, monthly means in the 
managed treatment ranged from 62 shorebirds 
per site (SE = 36) in February to 1,022 (SE = 
386) in May. Means in the natural treatment 
ranged from 12 (SE = 5) in March to 160 (SE 
= 60) in May. 

In 1993, when comparing shorebird numbers 
in both areas at low tide, frequency during Feb- 
ruary was higher in Mother Norton Shoals and 
lower in managed wetlands than expected (P < 
0.005, Table 1). From March to May, frequency 
was higher in managed wetlands and lower in 
Mother Norton Shoals than expected (P < 0.005 
for each month). 

1991 Water Depth and Invertebrate 
Measurements in Plots 

There were differences in invertebrate den- 
sity among sites in every month, February 
through May in the overall ANOVA for each 

Table 1. Comparison of shorebird frequencies by month in brackish managed wetlands and a natural intertidal mudflat in coastal 
South Carolina during 1993 at low tide. 

Observed Expected G valuea 

February 
Managed wetlands 5,372 5,694 32.7 
Mother Norton Shoals 7,570 7,248 

March 
Managed wetlands 6,213 2,723 5,200 
Mother Norton Shoals 4,100 7,590 

April 
Managed wetlands 13,355 6,742 10,831 
Mother Norton Shoals 3,500 10,113 

May 
Managed wetlands 32,603 18,488 146,308 
Mother Norton Shoals 2,950 17,065 

a P < 0.005; X20o005, I = 7.79. 
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Fig. 2. Number of shorebirds in South Island, South Carolina managed wetlands by species and date. Sandpipers include 
semipalmated (Calidris pusilla), least (C. minutilla), and western (C. maun). Dowitcher include long-billed (Limnodromus scolo- 
paceus) and short-billed (L. griseus). Yellowlegs include greater (Tringa melanoleuca) and lesser (T. flavipes). Other species 
include dunlin (C. alpina), semipalmated plover (Charadrius semipalmatus), black-bellied plover (Pluvialis squatarola), black- 
necked stilt (Himantopus mexicanus), killdeer (C. vociferus), marbled godwit (Limosa fedoa), ruddy turnstone (Arenaria interpres), 
spotted sandpiper (Actitis macularia), and willet (Catoptrophorus semipalmatus). 
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Fig. 3. Whole site counts during 1991 measuring shorebird 
density in managed wetlands and natural areas on South Is- 
land, South Carolina. 

month (P < 0.0001). In paired comparisons, 
Front Beach South and Front Beach North in- 
vertebrate densities were as high as many man- 

aged wetlands (Fig. 4). However, invertebrate 

density at Mother Norton Shoals was consis- 

tently low compared to most other sites. Al- 

though density at Mother Norton Shoals was not 
different from Lower Reserve in February and 
March, it was lower than all sites in April and 

May (P < 0.05). Mean water depth for each 
shorebird species in managed wetlands gener- 
ally corresponded to belly depth (Fig. 5). Depth 
in natural wetlands was almost always zero. Ob- 
servations indicated that shorebirds did not 

merely use managed wetlands as a loafing site. 

They fed at least as much when in managed 
wetlands (9 = 80%, SE = 15, n = 6 sites) as in 
natural sites (9 = 68%, SE = 6.9, n = 3 sites). 

1993 Invertebrate Measurements 
In the early February sampling, there was 

greater invertebrate density in Lower Reserve 
than in Mother Norton Shoals (P < 0.0001, Fig. 
6). Invertebrate biomass during this sampling 
period was not different between sites (P = 0.26). 
In the later sampling period, values were higher 
in Lower Reserve for both invertebrate density 
(P = 0.001) and biomass (P = 0.025). 

DISCUSSION 
Clearly, managed wetlands provided refuge 

for large numbers of feeding shorebirds at high 
tide. In fact, managed wetlands received more 
concentrated shorebird use at high tide than 
natural mudflats at low tide. This high tide ag- 
gregation is not surprising and is consistent with 
others who have noted that diked wetlands can 
be important in providing feeding or roosting 
alternatives at high tide, in adverse weather 

(Burger 1984, Davidson and Evans 1986), or for 

200 Feb 

150 

100 

50 

WB SC GB TS LR MNS 
200 Mar 

150 

w 100 

+1 
w 50 
L- 

0 0 

Q. WB SC FBS GB TS FBN LR MNS 
$ 200 20 

Apr 
- 150- 

> 100 

50 

0- 
WB FBS GB SC TS FBN MNS 

200 May 

150 

100 

50 

SC TS WB GB FBS FBN MNS 
Sites 

Fig. 4. Prey abundance/393 cm3 core sample in 1991 on South 
Island, South Carolina. Sites connected by a horizontal line 
above bars did not differ as tested by a Tukey test at P < 
0.05. WB = Wheeler Basin, SC = Sand Creek, FBS = Front 
Beach South, GB = Gibson Pond, TS = Twin Sisters, FBN = 
Front Beach North, LR = Lower Reserve, MNS = Mother 
Norton Shoals. 

small shorebirds seeking refuge from wind dur- 

ing any part of the tide cycle (Burger 1984). 
Less predictable was the question of relative 

shorebird use of managed and natural sites at 
low tide. High shorebird use of managed wet- 
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Fig. 5. Mean water depth (cm) used by shorebirds in managed 
wetlands on South Island, South Carolina. Numbers above 
bars are sample sizes. Species include stilt sandpiper (Micro- 
palama himantopus) and Wilson's plover (Charadrius wilsonia). 

lands versus low use of Mother Norton Shoals 
from March to May, 1993 contrasted with the 
opposite pattern in February. Our March to May 
high shorebird numbers in managed wetlands 
are consistent with a preponderance of shore- 
birds generally found in managed compared to 
natural wetlands in New Jersey studies (Erwin 
et al. 1994, Burger et al. 1982). Results are also 
consistent with a simultaneous finding on South 
Island that American avocets occurred more fre- 
quently in managed wetlands than natural in- 
tertidal areas (Boettcher et al. 1995). 

Greater invertebrate density in managed wet- 
lands than in Mother Norton Shoals might ex- 
plain results from March to May. Greater in- 
vertebrate density and biomass does not explain 
the pattern during February. Low February oc- 
currence of shorebirds in Lower Reserve may 
be explained by firm substrate in that wetland 
compared to Mother Norton Shoals (Weber, pers. 
observ.). Shorebirds may have preferred Mother 
Norton Shoals despite lower invertebrate den- 
sity because substrate was easier to penetrate 
with their bills. Managed wetlands drawn down 
from March to May had soft substrate like 
Mother Norton Shoals. With equal penetrabil- 
ity, shorebirds may have preferred managed 
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Fig. 6. Prey abundance and biomass/393 cm3 core sample in 
1993 on South Island, South Carolina. Treatments connected 
by a horizontal line did not differ as tested by t-test at P < 
0.05. 

wetlands from March to May because of higher 
prey density. 

If shorebird density is a function of inverte- 
brate density, organic content may ultimately 
determine shorebird distribution. In British diked 
wetlands, the major determinants of chironomid 
abundance were organic content in sediment, 
and water depth levels throughout the annual 
cycle (Rehfisch 1994). On South Island, man- 
aged wetlands are likely to have more organic 
content than intertidal areas due to sedimen- 
tation and the absence of tidal flushing. There- 
fore, high organic content in managed wetlands 
may ultimately account for higher shorebird 
density at low tide. 

MANAGEMENT IMPLICATIONS 
Despite greater shorebird use of managed 

wetlands than natural mudflats, we do not ad- 
vocate the building of more diked wetlands to 
replace natural marsh. Not all species benefit 
from diked wetland management (Burger et al. 
1982). We do recommend that the integrative 
shorebird-waterfowl management technique be 
used in existing diked wetlands now being man- 
aged solely for waterfowl. We also recommend 
that more shorebird density comparisons be- 
tween managed and natural areas be conducted 
in other coastal sites because our results are based 
on only 3 natural sites. 



J. Wildl. Manage. 60(1):1996 SHOREBIRDS IN SOUTH CAROLINA * Weber and Haig 81 

In managing wetlands for shorebirds, we sug- 
gest there be an interspersion of depths through- 
out the managed wetland complex at a site to 
provide for a diversity of species. Depths should 
be a maximum 5 cm for non-avocet shorebirds, 
targeted at 2-3 cm if possible for peeps. For 
avocets, mean water depth should be higher (t 
= 8.4 cm, SD = 4.5), but because most avocets 
leave by 1 May, water levels could be dropped 
to <5 cm in May. We recommend staggered 
drawdown periods to provide habitat for a di- 

versity of species. At our site, managing for sea 
purslane and widgeongrass made habitat avail- 
able over a longer time than would be available 
by just 1 management strategy. Staggered draw- 
downs allow new areas to open late in the season 
that have not been exploited by shorebird for- 
aging, important because shorebird predation 
can cause significant declines in invertebrate 
biomass (Weber 1994). An interspersion of 
depths and drawdown periods also provides 
habitat to other avian wetland species (Epstein 
and Joyner 1986, Breininger and Smith 1990). 

Shorebird and waterfowl management strat- 
egies on South Island integrated well because 
peak waterfowl and shorebird migration periods 
did not overlap. Waterfowl numbers over the 
years appeared to be maintained despite the 
extended drawdown. However, the drawdown 
period was longer (for the sake of shorebirds) 
than traditional waterfowl management in the 
South Carolina coastal region. The main cost of 
this extended drawdown might be increased 
growth of unwanted emergent vegetation to- 
ward the perimeter and shallowest areas of each 

managed wetland (R. Joyner, pers. commun.), 
but this hypothesis has not been adequately test- 
ed. Eradication of emergents is achieved at the 

Yawkey Center through year-round flooding (no 
drawdown) or prescribed burning. Thus, the cost 
of shorebird management might be more fre- 

quent year-round flooding or other emergent 
vegetation control management than under tra- 
ditional waterfowl management. 

In conclusion, the integrative shorebird-wa- 
terfowl impoundment management technique 
provided habitat in managed wetlands for mi- 
grating and wintering shorebirds. Shorebird 
density was higher in managed wetlands than 
natural mudflats not only at high tide, but even 
at low tide during most of the season. This strat- 
egy may help alleviate effects of decreasing 
quality and quantity of natural shorebird hab- 
itat. 
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